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Foreword

Spoilage has been reported in lettuos shipped to Military installations
overseas. Causes for the spoilage inoluyded slime, decay, mold, and discolora-
tion. An investigation has been conducted on the effect of Oxytrol¥ modified
atmosphere system, used for tha transportation of fresh lettuoe in refrigerated
containers, on shelf life and overall quality.

This work was performed under Production Engineering Projeot, 2270.3.

The authors wish to aoknowledge the assistance of Dr. Thomas White and
the Oxytrol Corporaticn, Burlingame, California, for providing the Oxytrol
containers, the nitrogen gas and one lettuce shipment from California to Boston.
Acknowledgement is ilso due to Mr, O Stark for his assistance in the gas ana-
lysis and L. Dame for his monitoring of the equipment.

"Tradenamss and manufacturing names are used in this report for identifica-
tion purposes only and such use does not constitute indorsement or approval of
any particular produoi, process or manufacrure,"

* Oxytoos 13 a registered Trademark of Occidertal Petroleum Corporation.
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ABSTRACT

The effect of Oxytrol controlled atmosphere system on the shelf life of
lettuce was evaluated. Lettuce stored under Oxytrol at oxygen levels ranging
from 3 to 5.8 percent and temperatures from 3L to 36°F for 2 to 7 weeks gave
significantly higher edible yield and showed higher mean scores for overall
quality than lettuce stored under normal atmosphere at similar {emperatures,
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INTRODUCTION

The procurement and svpply of fraesh produce to the Military Services over-
seas represents a sizable investment particularly when one considers not only
the aquisition cost but also the cos:t of inspection, transportation, cold stor-
age and distribution to the customer. The supply of high quality produce to
the overseas customer is essential both for morale purposes and for good
nutrition., However, reports continue to b4 received of spoilage of produce,
particularly lettuce, at overseas supply points. Spoilage of lettuce is a
problem which has existed for many years. Although significant improvements
have been made in packaging, refrigeration, and controlled atmosphere shipping.
Spoilage losses are still encountered in lettuce shipped overseas.

REVIEW OF LITERATURE

A significant amount of research has been conducted in an attempt to pro-
long the shelf life of fresh produce. The bulx of this research was directed
toward civilian market requirements of l-2 weeks, However, recent work was
conducted involving longer storage periods ranging from 4 to 8 weeks to meet
the military requirements for shipping lettuce and other fresh produce overseas.

mllects of refrigeration temperature, packaging, chemical additives,
and controlled atmosphere on the shelf life of lettuce have been reported in
the literature. The deterioration of lettuce is affected primarily by tempera-
ture, relative hunmidity and spoilage organisms, However, russet spotting and
pink rib, which appear to be ronpathogenic, frequently cause severe losses
even when lettuce is held under desirable transit or storage conditions (Lipton,
1961). When trimmed lettuce was stored in lined crates at 35°F., for 5 weeks,
01 percent remained edible in contrast to 51 percent of untrimmed lettuce
stored in unlined crates which was edible. Iettuce retained sood quality for
considerably longer periods at 32°F. tnan at 38°F. or u45°F., regardless of the
packaging materials. However, packaging with polyethylene bags was thc must
effective at maintaining good quality (Parsons. 1959, 1965).

Recommendations have been made that letiuce should be held at temperatures
as near 329F, as possible during the entire marketing period, since the rate
of deterioration increases rapidly as temperatures rise. It is about five times
greater at 75°F., than at 329F, (Lipton 1955 and Pratt 1954). Stewart and Harvey
(1967) found that the quality of lettuce at the time of unloading varied in-
versely with the temperature at which the lettuce had been maintained during
the test. Lettuce maintained at 359F. to 37°F, was rated "excellent" but that
maintained at 38°F. or 39°F. was rated only "good". Bratley (19.5) reported a
disorder described as "a browning of interior leaves” observed in western grown
lettuce. This may have been russet spotting, since after 6 weeks storage at
349F, russet spotting likely would be present. Rood (1956) indicated that
russet spotting can be induced artificially be exposing head lettuce to ethylene.




Results of research on the effect of controlled atmosphere on the quality
of lettuce vary. Controlled atmosphere tests with lettuce showed no eftects
from storage in oxygen concentrations as low as 1 percent for up to 8 days
at 4l1°F. High concentrations of carbon dioxide, however, were harmful to
lettuce (Watada, 1964). Lettuce stored at 339F.,, and held at 1 or O percent
oxygen developed less russet spotting than lettuce held in air (Parsons, 196u).
Littlefield et. al. (1966) reported that controlled atmospheres, within the
limits of concentrations usable for fruit storage (2 percent cxygen and 2-11.5
percent 002), are effective fungestatic agents.

Some definite, but limited, benefits have been derived from the use of
certain low O, atmospheres under conditions simulatlng the transcontinental
shipment of head lettuce. The substantial reduction in russet spotting, even
at O concentrations as high as 8 percent, is clearly the major benefit. How-
ever, levels at 0.5 percent or lower during storage within the temperature
rangg sgudied (36°F. to S0YF.), sometimes injured the heart leaves (Lipton,
1967,

Lugg (19%9) stated that the use of carbon monoxide (.25 to .50 percent),
in-eonjunction with low oxygen levels, would significantly retard butt end
discoloration of lettuce. However, the expense of maintaining this level of
CO with on-board tanks was expensive. But when modified atmospheres are used
correctly on fruits and vegetables it was economically advantageous by pro-
viding a longer shelf life, White (1998) indicated that low oxygen levels
significantly rsduced decay and improved overall appearance of lettuce after
28 days of storage. Low O» atmospheres (3.3-3.8 percent) in liquid nitrogen
refrigerated piggyback trailers significantly reduced russet spotting. Decay
and butt discoloration were slightly less severe in lettuce from the nitrogen
refrigerated trailer than that from the mechanically refrigerated trailers
(Steward, 1948).

El-Mansy (1957) indicated that the post harvest treatment of lettuce with
6-furfurylaminopurine extended shelf life beyond that of the untreated. Gorfien
et al. (1969) stated that when controlled atmospheres were maintained, signifi-
cant improvements in quality and storage ljfe were ootained. Reduction in
slime, pink rib and russet spotting were found.

EXPERIMENTAL PROCELUR

Four different experiments using different crops cof Iceberg lettuce were
conducted during the course of this study. The lettuce was stored in containers
using the Oxytrol system. This system is a complete, self-contained atmosphere
contrul system designed to ve used as an adjunct to normal refrigeration equip-
ment in conventional transport vehicles. These containers are designed for
shipment or fixed 3torage of perishable commodities under low oxygen atmospheres,
Liquid nitrogen is used to reduce the oxygen level. The container is insulated
and equipped with a rsfrigeration unit to control temperature. A supply of
liquid nitrogsn is carried in a portable Linde, [,S~1%0B container (Fi_ure 1).
Automatic operation of the No flow is providegu?he gpecial controls in the
system,
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The lettuce was tested at intervals ranging from 3 to 10 days by three
experienced judges using the following procedure:

a. Overall appearance - using a 9~-point scale (9 = Field fresh; 1 =
Inedible) (Figure 2).

b. Defects, such as decay, pink rib, russet spotting, using a 9-point
scale (9 = defects absent; 1 = severe) (Figure 2).

c. Edible yield, determined by removing the butts as well as the defec-
tive parts of the lettuce head and weighing the remainder as the
edible portion. This was divided by the original weight to obtain
percent edible yield.

Oxygen levels were monitored during the experiments. A representative
sample of the atmosphere in the controlled atmosphere container was analyzed
chromatographically weekly. After the sample was taken, ths container door
was opened for few minutes to check the voltage of the oxygen analyser con-
troller.

Experiment No. 1 - Lettuce (16 boxes; 24 heads per box) was obtained the
day of harvest at Salinas, California, vacuum cooled, and shipped to the U.S.
Army Natick Laboratories in two refrigerated trailers., One was equipped with
Oxytrol controlled atmosphere units set at L% oxygen. Half the lettuce in
each trailer was trimmed, wrapped in polystyrene fiim and packed in perforated
fiberboard boxes. The remainder of the lettuce was untrimmed, unwrapped and
packed in slotted fiberboard boxes. The temperature of the trailers was get
at 35 + 29F. The pulp temperaturs of the lettuce upon arrival was 38°F,
Shipping time was seven days. The 16 boxes of lettuce represented the follow-
ing variables:

a. Trimmed, wrapped lettuce shipped via Oxytrol system.

b. Untrimmed, unwrapped lettuce shipped via Oxytrol system,

¢. Trimmed, wrapped lettuce shipped via refrigerated trailer,

d. Untrimmed, unwrapped lgttuce shipped via refrigerated trailer.

Upon receipt, the lettuce was =tored in two contziners 72" long, 32"
wide and 89" high. The 8 boxes shipped in Oxytrol trailers were placed in
an Oxytrol tesi container and 8 boxes shipped in normal atmosphere trailers
vwere placed in a normal atmosphere test container. The temperature for both
containers was set at 34°F. and the oxygen level in the Oxytrol controlled
atmosphere container was set at 5 percent. The duration of this experiment
was seven weaks, the first five in Oxytrol containers with controlled atmos-
phere and then two weeks in walk-in chill box at LOOF. under normal stmosphere,

b



Experiment No. 2- Sixteen fiberboard cartons of naked pack (untrimmed, un-
wrapped) lettuce, grovm in Arizona, was procured locally. The lettuce had been
shipped in refrigerated containers. The lettuce was placed in a walu-in 4OF.
chill box for 17 days, then placed in the Oxytrol containers at 34°F, with the
oxygen level at 5 percent for 22 days.

Experimsnt No, 3 - Sixteen boxes of naked pack (untrimmed, unwrapped)
lettuce grown in California and shipped in refrigerated trailers were purchased
locally. The lsttuce was placed in Oxytrol containers at 34OF. with oxygen
level at 5 percent for 14 days. It was then transferred to a walk-in 4OOF,
chill box for 22 days.

Experiment No. L ~ Naked pack (untrimmed, unwrapped) lettuce grown in
Arizona and shippad in refrigerated trailers was purchased locally. The lettuce
was placed in the Oxytrol containers at 34OF. with oxygen level at 5 percent.
Storege was for six weeks. The doors of the containers were opened for a few
minutes at the end of each cof the first two weeks to check the voltage of the
oxygen analyser controller, During the last fuur weeks, the doors were not
opened at all to determine whether the Oxygen level would drup to below 1 per-
cent. A perforated paper bag containing two pounds of quick lime was placed
in each container in order to reduce the CO, content.

RESULTS AND DISCUSSION

Results of experiments conducted on the storage of i different lettuce
crops for periods from 2 to 7 weeks are shown in Tables 1, 2, 3 and 4. They
indicate that lettuce stored under Oxytrol C.A. (Controlled atmosphere} where
02 level ranged form 3 to 5.8 percent and temperatures ranged from 34°-35OF,*
Showed significantly higher edible yield than the ones stored under normal
atmosphere at similar temperatures. Mean scores for general appearance and
defects in terms of slime, mold, russet sgotting, pink rib and other discolora-
tions were higher for lettuce stored under U.sytrol con' -*led atmosphere system
than the onss stored under normal atmosphere,

The results of experiment No, 1 are shown in Table 1. The wrapped and un-
wrapped field fresh lettuce stored & weeks after picking under normal atmosphere
was a total loss, whereas 28.8 percent edible yield for unwrapped and 60,5 per-
cent for wrapped lettuce were obtained under Oxytrol C.A. Furthermore, upon ex-
tending the storage period to 7 weeks after picking, 15.0 and 21.u percent edible
yield were obtained for unwrapped and wrapped lettuce, respectively. In general,
wrapped lettuce gave higher edible yield than the unwrapped. Figure 5 shows
the condition of lettuce stored 5 weeks after picking.

Rasul&s of experiment No, 2 (Tatle 2) ia'icate that lettuce stored for 17
days at LO'F and followed by storage for 22 days under Oxytrol CA showed higher
mean scores for overall quality and gave significantly higher edible yield than
that stored under normal atmosphere for 31 days. After 39 days, lettuce stored
under normal atmosphere was a total loss, whereas 35.8 percent edible yield was
obtained form lettuce stored under Oxytrol C.A.

# Although the 0, control system was set at 4 and 5 percent, the chemical
analysis indicated a range of 3-3-§% . Temperutures tluctuated between 34° and
349, although the control was set =t 34OF,

“+




Subiisomi Guiuponsinte VSRR

T TR it M A e

Results of experiment No. 3 (Table 3) indicate that lettuce stored for li
days under Oxytrol C.A. followed by 20 days at LO®F. under normal atmosphere
showed higher mean scores for overall quallty and gave significantly higher
edible yield than the ones sicred at similar temperatures under normal atmos-
phere.

Results of experiment No. 4 (Table 4) indicate that after six weeks of
storage at 14-36%F, under normal atmosphere the lettuce was completely in-
edible, whereas 12,5 percent of edible yield was obtained from lettuce stored
under Oxytrol C.A.

When the Oxytrel system was unopened for 4 weeks, the O, level dropped to
3 percent. This did not constitute an unaerobic condition.

Keeping time of up to 7 weeks under Oxytrol C.A, system is sufficient
to meet anticipated overseas shipping time requirements.
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Figure 3.

Effect of Storage Conditions on the Quality of Lettuce

Unwrappec lettuce stored under Oxytrol Con- Unwrapped lettuce stored under Normal at-
trolled Atmosphere System 5 Weeks after mosphere at approximately 349F., 5 weeks
Picking(l week transit & L weeks at NLABS).

after picking(l week transit & L weeks at
NLABS),

Wrappped lettuce stored under Oxytrol Con- Wrapped lettuce stored under normal atmos-
trolled Atmosphere System, 5 weeks after phere at approximately 340F., 5 weeks after
picking (1 week transit & u weeks at NLABS). picidng(l week transit & L wesks at NLABS).

Bottom layer of & 4 fiberboard boxes stack of lettuce stored under

normal atmosphere conditions at approximately 3L°F., 5 weeks after
picking (1 week transit & i weeks at NLABS),
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